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(57) ABSTRACT 

In a method and a device for speci?c absorption rate moni 
toring in a magnetic resonance system Wherein multiple 
transmit coils are independently charged With respective cur 
rents, a primary model point voxel and at least one auxiliary 
model point voxel are automatically selected from among 
multiple voxels that model a modeled examination subject. 
The primary model point voxel is that voxel in Which an 
absolute maximum of a total ?eld variable occurs that is 
produced by the respective electrical ?elds emitted by the 
transmit coils. The at least one auxiliary model point voxel is 
that voxel in Which a relative maximum of the variable occurs. 
The primary model point voxel and the at least one auxiliary 
model point voxel are stored, and speci?c absorption rate 
monitoring of an actual examination subject in the magnetic 
resonance system is implemented during the acquisition of 
magnetic resonance data in respective voxels of the actual 
examination subject corresponding to the stored primary 
model point voxel and the stored at least one auxiliary model 
point voxel. 
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METHOD AND DEVICE FOR SELECTING 
BODY MODEL POSITIONS FOR SAR 
MONITORING OF A MAGNETIC 
RESONANCE TRANSMIT ARRAY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention concerns methods and devices for 

monitoring an examination subject in a magnetic resonance 
apparatus. 

2. Description of the Prior Art 
Identi?cation of the local SAR in an MR scanner has not 

previously been possible by means of measurement in clinical 
practice. The only knoWn and used technique is to make use 
of a theoretical simulation (model) that accounts for both the 
patient and the structure of the transmission antenna as an 
electrical model. In the operation of MR scanners With a 
transmission array and With RF pulses that can exhibit an 
arbitrary pulse shape for each array element (variation of 
amplitude and phase), a multitude of overlay possibilities 
result. Comprehensive monitoring in the local SAR thus 
Would involve a high degree of complexity, but monitoring of 
the local SAR value is absolutely necessary for the safety of 
the patient and is required by corresponding regulations. The 
overlaying of the electrical ?elds in array antennas is in par 
ticular critical because the E-vectors add linearly but the local 
poWer transfer is proportional to E2. 

In a system With K elements, L phase steps and M ampli 
tudes, (M*L)K combination possibilities result for every 
model point in the search for a maximum potential hotspot. 

Given a typical exposed mass of 50 kg and a hotspot siZe of 
one gram, 50,000 model points result for Which these com 
bination possibilities must be considered. Given a higher 
channel count and appropriate resolution (phase and ampli 
tude), the determination of all combinations for every model 
point is not applicable for clinical application. One possibility 
loophole is focusing on a reduced number of suitably selected 
model points that cover the possible amplitude and phase 
combinations as Well as possible. 

HoWever, the monitoring for individually selected poten 
tial “hotspots” is generally not simple. For example, if a 
model point at Which the E-?elds of the individual antennas 
can theoretically superimpose at maximum (for example 
given antenna currents that are the same in terms of magni 
tude) is determined from among all model points in the 
patient model, this maximum is the case at this model point 
only for a speci?c distribution of the phases of these currents. 

If the heat production determined by calculation at this 
model point is noW monitored as being representative of all 
voxels, the actual maximum superimposition of the electrical 
?elds can occur at other model points (that are not monitored) 
if the phase distribution of the currents deviates from the 
speci?c distribution (for example polarity reversal of a single 
antenna current). The SAR monitoring thus Would be virtu 
ally blind to the actual occurring maximum. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a method to 
systematically select model points that are best suited for an 
optimally comprehensive monitoring of the local SAR of the 
entire patient. 
A systematic approach With regard to all possible ?eld 

superpositions is not knoWn. Conventional approaches nor 
mally use calculation methods for predetermined current dis 
tributions at the array elements, for example With the CP 
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2 
mode. Numerous basic tasks exist for electromagnetic calcu 
lation of the electrical ?elds and SAR values in patient mod 
els. This calculation of the ?elds of individual array elements 
With such methods is the basis for the combinatorial analysis 
of the ?elds that is the subject matter of this invention. 

It is the intent of the present invention to improve the SAR 
monitoring of an examination subject in a magnetic reso 
nance tomography apparatus. 

The method is implemented in a computerized processor. 
The above object is achieved in accordance With the 

present invention by a method for speci?c absorption rate 
(SAR) monitoring in a magnetic resonance (MR) system 
having multiple transmission coils, that are individually acti 
vated by being charged With respective currents that cause 
each coil to emit an electrical ?eld, having a ?eld variable 
pertaining thereto, With each current having a magnitude and 
a phase. In accordance With the present invention, a modeled 
examination subject is modeled in a computeriZed processor 
as a number of voxels, each respective voxel having a total 
electrical ?eld therein that is produced by vector addition of 
respective contributions to the respective voxel by the respec 
tive electrical ?elds emitted by the respective transmit coils. 
This total electric ?eld exhibits a total ?eld variable. In the 
computerized processor, a primary model point voxel is auto 
matically identi?ed, from among the multiple voxels of the 
modeled examination subject, in Which an absolute maxi 
mum of the total ?eld variable exists Within the modeled 
examination subject. Additionally in the computeriZed pro 
cessor, at least one auxiliary model point voxel is identi?ed, 
from among the multiple voxels of the modeled examination 
subject, in Which a relative maximum of the total ?eld vari 
able exists Within the modeled examination subject. 

Further in accordance With the invention, in the computer 
iZed processor, a back-calculation is automatically executed 
that, from the total ?eld variable for the primary model point 
voxel, calculates respective relative times of activation of the 
respective coils in the multiple transmit coils in order to 
produce the total ?eld variable at the primary model point 
voxel. The same type of back-calculation is also undertaken 
for the at least one auxiliary model point voxel to determine 
respective relative times of activation of the respective coils in 
the multiple transmission coils to produce via total ?eld vari 
able at the auxiliary model point voxel. 
The primary model point voxel and the least one auxiliary 

model point voxel are stored. When MR data are subse 
quently acquired from an actual examination subject in the 
MR system, the stored primary model point voxel and the 
stored auxiliary model point voxel are retrieved and the SAR 
of the actual examination subject is monitored at voxels in the 
actual examination subject respectively corresponding to the 
primary model point voxel and the auxiliary model point 
voxel. 
The ?rst through penultimate step of the method are advan 

tageously implemented for multiple different possible exami 
nation subjects before a present examination subject is exam 
ined in the magnetic resonance apparatus, Whereiniif a 
present examination subject is examined in the magnetic 
resonance apparatusiit is determined Which of the most 
similar of the possible examination subjects corresponds best 
to the present examination subject (the examination subject to 
be examined), in particular With regard to Weight and shape; 
Whereupon a respective variable pertaining to the electrical 
?eld is determined for the most similar of the examination 
subjects for speci?c voxels in the present examination subject 
(the examination subject to be examined) and is used for the 
SAR monitoring. This enables a fast and e?icient monitoring 
of patients of different statures. 
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The invention also encompasses a computerized device 
that implements the above method With a processor con?g 
ured (programmed) to implement the aforementioned method 
steps. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically illustrates, a Whole-body MRT coil 
and a local coil. 

FIG. 2 shoWs an eight-channel system of a Whole-body 
MRT coil, Wherein every tWo antenna rods are combined into 
one transmission coil. 

FIG. 3 illustrates the overlaying of both E-vectors of tWo 
antennas. 

FIG. 4 illustrates the overlaying of the E-vectors of tWo 
antennas. 

FIG. 5 illustrates the overlaying of the E-vectors of more 
than tWo antennas. 

FIG. 6 shoWs the search for the phase for Which a maxi 
mum total variable results. 

FIG. 7 shoWs model points at Which the maximizing phase 
vector deviates only minimally from that of the ?rst model 
point. 

FIG. 8 shoWs prior tests With hypothetical data. 
FIG. 9 shoWs histograms of the different overlay types in 

comparison. 
FIG. 10 shoWs the decrease of a Weighted E-?eld “E2 

Weighted” (“Sine-Square”) over the number of concurrently 
considered phase vectors (or, respectively, model points con 
nected With these), obtained Within the scope of a test of the 
method on hypothetical data. 

FIG. 11 shoWs, as a test, the coverage of the E2 maxima at 
the 1,000 model points by the 50 selected virtual test points 
(10,000 random phase and amplitude combinations of the 
antenna currents). 

FIG. 12 shoWs, as a test, Which virtual measurement point 
detects, and hoW many hotspot maxima. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shoWs a magnetic resonance apparatus 1 With a 
Whole-body coil 2 and a tube-shaped space 3 into Which a 
patient bed 4 With, for example, a patient 5 and a local coil 6 
can be driven in order to generate exposures of the patient 5. 
Here a local coil With Which good exposures are enabled in a 
local region is placed on the patient. The maximum SAR in 
the patient 5 should be monitored; for this multiple points 8, 
9, 10 (also called model points 8, 9, 10 in the folloWing) in the 
patient 5 should be determined at Which absolute or relative 
maximum poWer density is realiZed (thus a greater poWer 
density than at other points in the patient). The point at Which 
the highest poWer density occurs is called the primary model 
point voxel 8 in the folloWing; points at Which loWer poWer 
density occurs than at the primary model point voxel 8 (but 
more than is expected elseWhere in the patient) are called 
auxiliary model point voxels 9, 10 (voxels are small volumes, 
for example small cuboids in the patient or examination sub 
ject). 

As an example, FIG. 2 shoWs the patient 5 in an eight 
channel MRT system 2, Wherein every tWo antenna rods are 
respectively combined (including a 22.50 relative phase rota 
tion). Electrical ?elds are simulated With an exemplary model 
of a TX array, together With a HUGO patient model, 4 mm 
resolution, FDTD With MicroWave Studio, Wherein a central 
disc in the direction of the body axis lies in the resonator 
center, With 27 incorporated slices. 
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4 
Methods and devices are described herein that enable the 

SAR calculation to be implemented for arbitrarily combined 
RF pulse shapes at relatively feW monitoring points (as noted 
above, the location of the ?rst monitoring point is also called 
a primary model point voxel and the locations of the addi 
tional monitoring points are also called auxiliary model point 
voxels), and therefore the entire (modeled) body is covered as 
Well as possible With regard to the relevant local heating 
(known as “hotspots”). In particular, the method in accor 
dance With the invention is directed to ?nding these model 
points (primary model point voxel and auxiliary model point 
voxels) after the calculations of the individual ?elds of the 
array elements that cover the entire exposed volume have 
been implemented once With a suf?ciently large number of 
model points for a reference condition. In addition to the 
reduction of the computing effort for monitoring the local 
SAR, this method alloWs the compression of the very consid 
erable model data for the evaluation of sensitivity consider 
ations With regard to model changes. Beyond this, through the 
compression it is also possible to implement “Worst case” 
overlays from different patient models, and thus to expand the 
scope of validity of an employed basis for local SAR calcu 
lation. The idea of the model point search method can also be 
considered for overlaying multiple patient models. 
The invention utiliZes the fact that the electrical ?eld that 

every array element produces at every model point depends 
linearly on the excitation current of this array element, and the 
fact that the individual ?elds of multiple array elements com 
bine linearly. 
The (electrical) ?eld at the model point i that is caused by 

the array elements indexed With j is thus represented as the 
following sum: 

E5251. 

All involved variables are generally complex in nature, the 
values of E three-dimensional complex vectors. 

HoWever, in principle this method can also be expanded for 
a representation With a conductivity sensor. 
The values of the sensitivity matrix must have been deter 

mined by a preceding calculation With an electromagnetic 
model (for example the FDTD method). 
The locally produced RF poWer density (for example in a 

voxel) is then the product Re (E*conj (E)* (I), wherein cy is the 
locally complex conductivity of the body. Here the additional 
considerations for a modi?ed “effective” ?eld E' and the 
sensitivity matrix S' that is connected With this (in Which a has 
already been included, thus Re (E'*conj(E')::Re (E*conj(E) 
*o) and Ei'I: ZSU'IJ) are appropriately implemented. 
At the point of a scalar value (I, in general a diagonal tensor 

can also occur With different conductivities in the three pri 
mary axis directions (ox, oy, 02). In this case the poWers that 
result due to the electrical ?eld components Ex, Ey, EZ are 
calculated and added separately per model point. All addi 
tional considerations remain valid Without limitation. 
The invention in particular concentrates on the scenario in 

Which the ?elds of the TX array elements maximally super 
impose, i.e. exhibit relatively high current strengths. The 
cases in Which a single array element dominates do not need 
to be additionally considered. 
The model point (primary model point in the primary 

model voxel) is initially determined at Which the ?elds of 
antenna currents that are identical in terms of magnitude can 
theoretically maximally overlap, as are the phases of the 
antenna currents that produce this maximum overlap. 
The phase distribution of the currents at Which the largest 

SAR value locally results is also determined for each model 
point. 
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Due to the linearity of the above equations for the entire 
volume, SAR values that are noW calculated for this model 
point (primary model point) cover the local SAR value cal 
culation, but only for current distributions that correspond 
except for a complex factor of the found current distribution. 

Current distributions that are linearly independent relative 
to the found current distributions (i.e. have other amplitudes 
or phase ratios) are not monitored in the monitoring of SAR at 
this hotspot, but can likeWise cause relevant local heating at 
other model points. 
One method to ?nd an additional model point (thus an 

auxiliary model point voxel) at Which a maximally high SAR 
can occur (as a relative maximum) to Which the monitoring of 
the ?rst model point is blind can be achieved by the folloWing 
steps: 
Of the local maximum current distributions that are found 

in the ?rst search, those that produce a minimal local heating 
at the ?rst model point (primary model point) are additionally 
considered. These are noW evaluated With regard to their 
heating at other model points. 

This method can be applied iteratively until the resultant 
heating changes only slightly due to the remaining possible 
current distributions. 

This result is noW theoretically still limited to the frame 
Work condition that all antenna elements are operated With the 
same current magnitude. If the antenna currents have differ 
ent amplitudes in the actual excitation, this can be approxi 
mated by a corresponding adjustment of the relative phases in 
the overlaying. HoWever, the model points are selected so as 
to be optimally sensitive to this. 

Separate consideration of the case that only individual 
antenna elements With different currents are actually operated 
can be done due to the absent overlaying effect, Which cannot 
be utiliZed here. For example, this can ensue in that the 
potential hotspots of the individual excitations are to be added 
to those for the combinations. 
HoW the E-vectors of different TX contributions can be 

superimposed is apparent from FIG. 3-6. 
FIG. 3 shoWs (Part l-Step l) for tWo antennas the spatial 

Worst case of an overlaying of tWo E-vectors E l and E2 that are 
both produced at a model point via one antenna current per 
antenna. 

A real caseimeaning + and — signs are alloWediis con 
sidered. 

FIG. 4 shoWs (Part l-Step 2) a complex case; here a real 
?eld (per de?nition) E1 of a ?rst coil is shoWn, the phase (1)2 
(relative to the ?rst ?eld E1) of the ?eld E2 of an additional coil 
is selected so that the real part of E2 maximally overlays 
three-dimensionally With the real part of E. (In general an 
exact parallelism of El and E2 cannot be achieved in 3D 
space.) 

FIG. 5 shoWs (Part 2-Step l) more than tWo (thus three 
here) E-?eld vectors. These are successively combined: it 
begins here With the largest E-vector; the E-vector that maxi 
mally superimposed With this is added (here only the real 
portion is shoWn). For e?iciently superimposing portions, in 
the Worst case a projection of the maximum sum vector is 
implemented. 

FIG. 6 shoWs (Part 2-Step 2) more than tWo (here eight) 
vectors of E-?elds that are respectively generated via a cur 
rent (I 1 through 18) in a respective coil of a coil array. Here the 
phase (model point transmission phases) of a current at Which 
a maximum results in the combination of the E-?elds is 
respectively sought in the complex region. 

Here an 8-dimensional, complex vector (thus a vector With 
magnitude and phase of the E-?eld) results for the currents (l 1 
through 18) at Which the E-?elds (generated by the respective 
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6 
currents I 1 through 18) Wouldmaximally superimpose, as Well 
as the magnitude of the maximal E-?eld overlay (11:1 +0i per 
de?nition). 
An identi?cation of “virtual measurement points” (respec 

tively in particular at the primary model point voxel or one of 
the auxiliary model point voxels) folloWs for the local SAR 
monitoring (if a patient is examined), Which “virtual mea 
surement points” take into account the (most relevant) over 
laying possibilities of the E-vectors. 

For the monitoring a ?rst “virtual measurement point” (at a 
primary model point voxel) is initially chosen so that the 
E-?elds can theoretically maximally superimpose at its posi 
tion (for example such that a maximum Re(oE2) results). 

This model point also covers all of the model points at 
Which the maximizing current phase vector (the currents 11 
through 18) is the same except for one factor. 

Additional model points (in auxiliary model point voxels) 
With E-vectors deviating from these for additional dif?cult 
cases (Worst cases) of one of the multiple (8 if there are 8 
coils) complex E-vectors are not yet covered. The greater the 
deviation, the greater the risk. 
Model points in Which the maximiZing phase vector devi 

ates only slightly from that of the ?rst model point Will deliver 
loWer SAR than the ?rst model point if the (IE2 maximum 
value of the ?rst model point has a su?icient separation from 
that of the second model point: 

I new’ I maxpos 1 + AI orthog With Imaxposl *C0nj(AIorthog):0 

pas r 

AEISPOSZ >“AI 

maxposl, p052) 052 

Additional model points are thus sought that optimally 
expand, i.e. 

that likeWise have a high potential maximum SAR value 
Whose SAR-maximizing current phase distribution devi 

ates maximally from that of the already found model 
point. 

Heuristic approach: 
,,Sine-Square”:l —,,Cos-Square:l —Abs(ll *con(l2))2 is 

used as a measure of the difference of the 8th phase 
vectors l1 and 12. 

The potential SAR values of all points are multiplied With 
the difference measurement of the phase vectors relative 
to the ?rst point. 

A model point With neWly Weighted maximum value is 
sought. 

The potential SAR values of all points are multiplied With 
the difference measurement of the phase vectors relative 
to the second point. 

. . . (continued iteration) 

Auxiliary model point voxels are thus identi?ed at Which 
the phases (auxiliary model point transmission phases) of the 
currents in the coils are markedly different than in a primary 
model point voxel (for example displaced by 180° relative to 
the phase in a primary model point voxel). 

This can ensue for multiple models of different Weight, 
different siZe, etc. 
When a patient is examined, the model that best corre 

sponds to the patient (examination subject) can be identi?ed 
With a (if necessary brief) scan, and the currents in the coils 
are limited so that the model points identi?ed for the selected 
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model (examination subject) do not exhibit any electrical 
?elds greater than predetermined electrical ?elds. 

FIGS. 8-12 show results of tests. 
Although modi?cations and changes may be suggested by 

those skilled in the art, it is the intention of the inventor to 
embody Within the patent Warranted hereon all changes and 
modi?cations as reasonably and properly come Within the 
scope of his contribution to the art. 

We claim as my invention: 
1. A method for speci?c absorption rate (SAR) monitoring 

in a magnetic resonance (MR) system comprising a plurality 
of transmit coils that are individually activated by being 
charged With respective currents to cause each coil to emit an 
electrical ?eld having a ?eld variable pertaining thereto, each 
current having a magnitude and a phase, said method com 
prising the steps of: 

in a computeriZed processor, modeling a modeled exami 
nation subject as a plurality of voxels, each respective 
voxel having a total electrical ?eld therein produced by 
vectorial addition of the respective contributions to the 
respective voxel by the respective electrical ?elds emit 
ted by said plurality of transmit coils, said total electrical 
?eld exhibiting a total ?eld variable; 

in said processor, automatically identifying a primary 
model point voxel, among said plurality of voxels, in 
Which an absolute maximum of said total ?eld variable 
exists Within said modeled examination subject; 

in said processor, automatically identifying at least one 
auxiliary model point voxel, among said plurality of 
voxels, in Which a relative maximum of said total ?eld 
variable exists Within said modeled examination sub 
ject; 

in said processor, determining respective relative times of 
activation of the respective coils in said plurality of 
transmit coils to produce said absolute maximum of said 
total ?eld variable in said primary model point voxel; 

in said processor, automatically back-calculating, from 
said total ?eld variable of said at least one auxiliary 
model point voxel, respective relative times of activation 
of the respective coils in said plurality of transmit coils 
to produce said relative maximum of said total ?eld 
variable in said at least one auxiliary model point voxel; 

electronically storing said primary model point voxel and 
said at least one auxiliary model point voxel; and 

subsequently acquiring magnetic resonance data from an 
actual examination subject in said magnetic resonance 
system and, before or during acquisition of said mag 
netic resonance data, retrieving the stored primary 
model point voxel and the stored at least one auxiliary 
model point voxel and monitoring SAR of the actual 
examination subject in the respective voxels of the actual 
examination subject corresponding to the primary 
model point voxel and the at least one auxiliary model 
point voxel. 

2. A method as claimed in claim 1 comprising identifying 
said primary model point voxel and said at least one auxiliary 
model point voxel for each of a plurality of different modeled 
examination subjects, each having a body Weight and a body 
shape, and electronically storing each of the primary model 
point voxel and the at least one auxiliary model point voxel 
identi?ed for said different modeled examination subjects, 
and identifying a body Weight and a body shape of said actual 
examination subject and retrieving, and using for SAR moni 
toring of said actual examination subject, the stored primary 
model point voxel and the stored at least one auxiliary model 
point voxel for the modeled examination subject having a 
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body Weight and a body shape most closely corresponding to 
the body Weight and the body shape of the actual examination 
subject. 

3. A method as claimed in claim 1 comprising determining 
the respective phases of the respective currents that produce 
said relative maximum at said at least one auxiliary model 
point voxel as being temporally shifted relative to the respec 
tive phases of the respective currents that produce said abso 
lute maximum at said primary model point voxel. 

4. A method as claimed in claim 1 comprising determining 
only the respective phases of the respective currents that 
produce said relative maximum at said at least one auxiliary 
model point voxel that deviate from the respective phases of 
the respective currents that produce the absolute maximum at 
the primary model point voxel, Without determining different 
magnitudes of respective transmission poWers in the respec 
tive transmit coils. 

5. A method as claimed in claim 1 comprising, When said 
SAR monitoring of the actual examination subject indicates 
that the SAR exceeds a predetermined value, automatically 
interrupting supply of current to at least one of said coils in 
said plurality of transmit coils. 

6. A method as claimed in claim 1 comprising back-calcu 
lating said total ?eld variable for said primary model point 
voxel, and determining saidtotal ?eldvariable for said at least 
one auxiliary model point voxel, for multiple phases of at 
least some of said coils in said plurality of transmit coils. 

7. A method as claimed in claim 1 comprising arranging 
said plurality of transmit coils as part of a Whole-body coil of 
said MR system. 

8. A method as claimed in claim 1 comprising employing 
eight coils as said plurality of transmit coils. 

9. A method as claimed in claim 1 Wherein each transmis 
sion coil comprises a plurality of rods. 

10. A method as claimed in claim 1 comprising modeling 
said modeled examination subject With each of said voxels 
comprising a volume region of the examination subject of 
more than ten grams. 

11. A method as claimed in claim 1 comprising employing, 
as said ?eld variable, a variable selected from a group con 
sisting of the electrical ?eld itself, the electrical ?eld itself 
multiplied by predetermined factor, the square of the electri 
cal ?eld, the square of the electrical ?eld multiplied by a 
factor; and a sum of the squares of respective spatial ?eld 
components of the electrical ?eld, respectively multiplied by 
different factors. 

12. A method as claimed in claim 1 comprising determin 
ing said ?eld variable in said primary model point voxel and 
said at least one auxiliary model point voxel of said actual 
examination subject by activating a single coil in said plural 
ity of transmit coils. 

13. A method as claimed in claim 1 comprising determin 
ing and storing more than ?ve auxiliary model point voxels. 

14. A method as claimed in claim 1 comprising determin 
ing and storing more than ten auxiliary model point voxels. 

15. A method as claimed in claim 1 comprising generating 
said respective currents in said coils in said plurality of trans 
mit coils by applying respectively independent voltages, each 
having a magnitude and a phase, to the respective coils in said 
plurality of transmit coils. 

16. A device for speci?c absorption rate (SAR) monitoring 
in a magnetic resonance (MR) system comprising a plurality 
of transmit coils that are individually activated by being 
charged With respective currents to cause each coil to emit an 
electrical ?eld having a ?eld variable pertaining thereto, each 
current having a magnitude and a phase, said device compris 
ing: 
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a computerized processor supplied With a, model of a mod 
eled examination subject comprising a plurality of vox 
els, each respective voxel having a total electrical ?eld 
therein produced by vectorial addition of the respective 
contributions to the respective voxel by the respective 
electrical ?elds emitted by said plurality of transmit 
coils, said total electrical ?eld exhibiting a total ?eld 
variable; 

said processor being con?gured to, automatically identify 
a primary model point voxel, among said plurality of 
voxels, in Which an absolute maximum of said total ?eld 
variable exists Within said modeled examination sub 
ject; 

said processor being con?gured to, automatically identify 
at least one auxiliary model point voxel, among said 
plurality of voxels, in Which a relative maximum of said 
total ?eld variable exists Within said modeled examina 
tion subject; 

said processor being con?gured to determine respective 
relative times of activation of the respective coils in said 
plurality of transmit coils to produce said absolute maxi 
mum of said total ?eld variable in said primary model 
point voxel; 

said processor being con?gured to, automatically back 
calculate, from said total ?eld variable of said at least 
one auxiliary model point voxel, respective relative 
times of activation of the respective coils in said plurality 
of transmit coils to produce said relative maximum of 
said total ?eld variable in said at least one auxiliary 
model point voxel; 

a memory in communication With said processor in Which 
said processor electronically store said primary model 
point voxel and said at least one auxiliary model point 
voxel; and 

When subsequently acquiring magnetic resonance data 
from an actual examination subject in said magnetic 
resonance system said processor being con?gured to 
retrieve before or during acquisition of said magnetic 
resonance data, the stored primary model point voxel 
and the stored at least one auxiliary model point voxel 
and to monitor SAR of the actual examination subject in 
the respective voxels of the actual examination subject 
corresponding to the primary model point voxel and the 
at least one auxiliary model point voxel. 

17. A device as claimed in claim 16 Wherein said processor 
is con?gured to identify said primary model point voxel and 
said at least one auxiliary model point voxel for each of a 
plurality of different modeled examination subjects, each 
having a body Weight and a body shape, and to electronically 
store each of the primary model point voxel and the at least 
one auxiliary model point voxel identi?ed for said different 
modeled examination subjects, and to identify a body Weight 
and a body shape of said actual examination subject and to 
retrieve, and use for SAR monitoring of said actual examina 
tion subject, the stored primary model point voxel and the 
stored at least one auxiliary model point voxel for the mod 
eled examination subject having a body Weight and a body 
shape most closely corresponding to the body Weight and the 
body shape of the actual examination subject. 

18. A device as claimed in claim 16 Wherein said processor 
is con?gured to determine the respective phases of the respec 
tive currents that produce said relative maximum at said at 
least one auxiliary model point voxel as being temporally 
shifted relative to the respective phases of the respective 
currents that produce said absolute maximum at said primary 
model point voxel. 
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19. A device as claimed in claim 16 Wherein said processor 

is con?gured to determine only the respective phases of the 
respective currents that produce said relative maximum at 
said at least one auxiliary model point voxel that deviate from 
the respective phases of the respective currents that produce 
the absolute maximum at the primary model point voxel, 
Without determining different magnitudes of respective trans 
mission poWers in the respective transmit coils. 

20. A device as claimed in claim 16 Wherein said processor 
is con?gured to, When said SAR monitoring of the actual 
examination subject indicates that the SAR exceeds a prede 
termined value, automatically interrupt supply of current to at 
least one of said coils in said plurality of transmit coils. 

21. A device as claimed in claim 16 Wherein said processor 
is con?gured to back-calculate said total ?eld variable for said 
primary model point voxel, and determine said total ?eld 
variable for said at least one auxiliary model point voxel, for 
multiple phases of at least some of said coils in said plurality 
of transmit coils. 

22. A device as claimed in claim 16 Wherein said plurality 
of transmit coils are part of a Whole-body coil of said MR 
system. 

23. A device as claimed in claim 16 comprising eight coils 
in said plurality of transmit coils. 

24. A device as claimed in claim 16 Wherein each trans 
mission coil comprises a plurality of rods. 

25. A device as claimed in claim 16 Wherein said processor 
is supplied With said model in a form that models said mod 
eled examination subject With each of said voxels comprising 
a volume region of the examination subject of more than ten 
grams. 

26. A device as claimed in claim 16 Wherein said processor 
is con?gured to employ, as said ?eld variable, a variable 
selected from a group consisting of the electrical ?eld itself, 
the electrical ?eld itself multiplied by predetermined factor, 
the square of the electrical ?eld, the square of the electrical 
?eld multiplied by a factor; and a sum of the squares of 
respective spatial ?eld components of the electrical ?eld, 
respectively multiplied by different factors. 

27. A device as claimed in claim 16 Wherein said processor 
is con?gured to determine said ?eld variable in said primary 
model point voxel and said at least one auxiliary model point 
voxel of said actual examination subject by activating a single 
coil in said plurality of transmit coils. 

28. A device as claimed in claim 16 Wherein said processor 
is con?gured to determine and store more than ?ve auxiliary 
model point voxels. 

29. A device as claimed in claim 16 Wherein said processor 
is con?gured to determine and store more than ten auxiliary 
model point voxels. 

30. A device as claimed in claim 16 comprising a current 
generator operated by said processor to generate said respec 
tive currents in said coils in said plurality of transmit coils by 
applying respectively independent voltages, each having a 
magnitude and a phase, to the respective coils in said plurality 
of transmit coils. 

31. A method as claimed in claim 1 comprising determin 
ing the respective relative times of activation of the respective 
coils in said plurality of transmit coils by a back calculation 
from said total ?eld variable of said primary model point 
voxel. 

32. A device as claimed 16 Wherein said processor is con 
?gured to determine the respective relative times of activation 
of the respective coils in said plurality of transmit coils by 
implementing a back-calculation from said total ?eld variable 
of said primary model point voxel. 

* * * * * 


